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PART I

Studies on Iéoniazid Inactivation in Monkies

INTRODUCTION

It was established by us beyond question that the inactivation of
isoniazid in humans wss a genetic trait and there was not only individual
but also racial difference. The frequency distribution curve of the
biologically active isoniazid serum levels 6 hours after the oral
administration of 4 mg/kg of body weight of isoniazid is trimodal, cor-
resprnding to the three rhenotypes of isoniazdid metabolism--rapid,
inteimediate and slow inactivators. On the other hand, we observed in

vitro that there was very remerkable species and drug éifferences in

the acet¥1ation of isoniazid, sulfonamide' and PABA by the liver homo-
genate of various kinds of animals, and the most active site of

acetylation was the liver.

The purpose of the present research is to examine the correlation

between the blood concentration and the capacity of tissue to acetylate
iscniazid using Cynomoldus monkies as animals of experiment.

METHODS & MATERIALS

The blood lev=l of the biologically active isoniazid was measured by
the vertical diffusion method, and the capacity of acetylaticn of the
tissue homogenate by Short's method as indicated in our previous reports.

The Cynomoldus monkies (Macaca irus) imported from Malaya, Cambodia and
Viet Nam were used in the foliowing experiments.
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RESULTS

Fig. 1, 2 & 3 indicate the relationship betweer 4 and 6 hour levels
of the biologlically active isoniazid plasma levels after the test doses
of 4 mg/kg, 8 mg/kg »r 16 mg/kg of isoniazid. Fig. 4 & 5 demonstrate
the frequency distribution curve of the values. If we take the concen-
tration 4 hours after 4 mg/kg of INH or 6 hours after 8 mg/kg of INH, we
have bimodal curves, but it seems difficult to establish a trimodality
as in the case of the humans, There is no marked difference in the
inactivation of isoniazid among the monkies imported from three 4if-
ferent countries as indicated in Fig. 4. In Fig. 6 is shown the
acetylating cepacity of isoniazid of the liver, kidney and spleen of
the monkies. Also in the case of monkies, the liver is the most
active organ concerning isoniazid inactivation. The kidney and spleen
show sometimes the activity to a certain degree. It remains obscure
whether there is any difference in acetylating capacity among the monkies
from different districts also in the homogenate experiments or not.
Any close correlation was not established between the rate of acetylation
in the liver and the blood level 6 hours after the dose of 4 mg/kg of
body weight of isoniezid as shown in Fig. 7.

o npeyr et B T T

COMMENT & SUMMARY ’ ;

We have not been successful to establish a trimodal distribution curve

of the blologically active isoniazid levels in monkies ug to now. _The
curve was bimodal as far as the test dose and the time of blood collection
in the present study were concerned.

Also in the c=se of monkies, the liver was the most active site of
acetylation but the kidney and srleen had the capacity to a certain extent.
There was little correlation between acetylating activity of the liver
and 6 hour blood level after 4 mg/kg of INH.

Further study on relationship between the rate of acetylation and

blocd levels other than 6 hours after the dose of 6 mg/kg of isoniazid
is now in progress.
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FAxT II

Freliminary Rercrt on 3 §éu Biccherical Methed for Determining Totel
and Free Isoniazid in Biclogical Fluid

INTRODUCTIOR

A number of tiochericrl methcds have been published for determining
free isoniazid coaceniration jn serum or urine {Short (10), Hughes {3),
Yunter (4}, Sutkbertcn &3 s1. (2), Scott (G, Scarid {(2), Foole and
Meyer (7), ¥zher et =i. (5), Beiles and Littlemar (1), Feters (€). etc.).
Beirng quite difficuit tc have an accurste vzlue for the concertration
below 1 meg/rl by errleoying the techniques above mentioned except the
Feter's method, we have used the vertical diffusion culture methed— -

2 kind of bicassay methed—for determininz the bloed level in our
Yrevious reports.

Recertly 2 new bicckemiczl methed which enzbles us tc mezsure a

relativei ¥ lcw concentrzticr of free isoniazid has peen develped in our
lzboratory.

FROCEDYFS
1. Reagent énd VYessel
a. Fig. 1 Extractiorn vessel
2. Quartitative Determination of Tctal IKH
a. Quentitative determination of totzl IMH in urine
3. Quantitative Determination of Free IRKH
a. Quartitative determination of free iNH in aqueous solution

b. Cuantitstive determinaticn cf free IEY ir serum
c. Luartitative determinaticr of free IXH in urine

e

i




RESULTS
1. Calibraticn Curve

a. Fig, 2 Calibration curve of INH in agquesus solution
2. Fig, 3 Calibration curve of INKH ir serunm
c. Fig. 4 Calibrztion curve of INE in urin

2. Recovery

a. Table 1 Reccvery tests of INH in agueous sclution
b. Table 2 Reccovery tests of INH in aqueous solution, serum & urine
c. Tauwe 3 Duplicatior test ' :

3. Comporisen between Bicassay and Chemicsl issey

a. Table . Ocmpzrison of chemical asssy and bioclogical assay ol IFH
in aquecus sclution

b. Table 5 Compariscn of chermicel z2ssey 2nd biologicai assay of IMH
in serum

c. Table 6 Free INH concentretior: in serum sfter oral edministration
of INH (4 mg/kg body weight)

L+ Determination of INE Derivatives

a. ~ig. Determination c¢f free INH in aqueous sciution of INH
' ard rel=ted suostarces by mezrs of our method
b. Fig. © Recovery of free IFE ir agueous ecluiion of different
kinds cf IFH derivatives

COMMENT & SUMMARY

Al though it is need css to szy that more detsailed critical examinatiorn
is necessary to rut it in practical use, our rew methoé for determining
totai and free IXF in biclogicnl fluid (tangstate method) seems to be more
relieble 2ard convenient thar most of biochemical techniques published
hithertc. :s the coler at the end reaction is indigo blue, it can be
quite easily distingvisked. We are going to investigate in our future
study whether this method would be able to replace the bioasssy method,
especially the vertical diffusion culture method.
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FROCEDURE
1.Reagent and Vessal
An extraction vessel with ground storrer as indicated in Fig. 1
was used.
Reagents used were as follows: Ground stopper
lg (Nﬂﬁ)gso (anhydrous crystal)
a0H aq. solution
. 3) N/10-Bcl aq. sclution
3 Ag Dichlorethan
3 5) Isoamylalcohol
FA 6) 5%-N=CK aq. solution
' " 7) F-tangstate reagent ’ X
(Brown's uric acid reagent, ,
Brown, H.J.: J. Biol. Chem.
158: 601, 1945) , !
N 8) 66% urea aq. solution N
T !
t
]
!
— 154180 m
1
]
L 1C —
- 0
i
1
-5 !
i
N
' 1 1
BT ,' - = e - - -l- -
! )
' !
L 17mm 4
Fig. 1




2. Quantitative Determination of Total IKH

Quantitative Determination of Total IFH in Urine

Serrle Bl ank
Urine Water
[ Material 1.0 ml |

IF-¥a0H l.511
Dichlorethan 7.0l
Isoazylalechol 3.0 ml

Shake for 15 minutes
Centrifugaticn (1500 r.r.n.) 5 minutes
Urper loyer (solvent layer) 5mi-
8 }/10-Hcl 5

Shake for 15 minutes

Centrifugation (1500 r.r.n.) 5 minutes

Urrer layer {HGl layer)

3nml

Flace in 2 beiling water bath for ore hour

N
Cool

+
Meke up to 15 rd with E/10-HQ (X) .

| (X) 1.5 nl |
5%NaCN 0.5l
66% Urea 0.5 ml
Tangstate reagent 0.4 ml

Flace for one hour at room terrerature

Ortical density of the Sample st 660 nm« was read

against the Blank,

g e gt
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3. Quantitative Determination of Free INH

Quantitative Determination of Free INH in hqueous Solution

jSample ‘ Blank
aq. soluticn of Iﬁg\\\’ Water
~ [Material 1.0 ml |
(NHA)2SO 4 1 gn
; Dichlorethan 7 mi
A Isoarylalcchol 3m

Sheke for 15 rdnutes
Centri’ugation (1500 r.r.m.) 5 minutes

Urrer layer (solvent layer) 8=l

e

E/10-HCl 2 m

Shake for 15 minutes
Centrifugation (1500 r.p.m.) 5 minutes

I Urrer leyer (HC1 layer) 1.5 il |
5%~-FaCl 0.5 il
- €6% urea 0.5l
F-tangstate reagent 0.4 ml

Flace for one hour at room temperature

|

Ortical density of the Saryle at 660 riw was
- _ read against the Blank.

. 13
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4
Quantitative Determination of Free IFH in Serum
>
Material 1nm
(KH,),80, 1.2 em
IN-FaOH 025 ml 3
Dichlorethan 7 ol '
Iscarylalcohol 3nml
Shake for 15 minutes
Centrifugation (157C r r.m. ) 5 m:mutes
[ Urrer layer (Solvent layer) 8 mi|
¥ /10-HCL 2
Shake for 15 minutes
Centrifugation(1500 r.p.m.) 5 minutes
[Orper leyer (HCL layer) 1.5 |
5%-NaCK 0.5 ril E
66%-urea 0.5 ml 2
Tangstate reagent 0+4 ml ;
Flace for one hour at room temperaturé
4
Orticel density of the Sample at 660 mu was read ;
against the Blank.
1
$.
14
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Quantitative Deterrination of Free IFH in Urine

E Urine Water
[MMatorial - - 1 |
i
; (M‘IA)zSO4 1.5 gn
! 1N-KaOH 0.5 ml
: Dic¢nlorethan 7 ml
— Isoamylalcohol 3m

Sheke for 15 minutes
Centrifugation (1500 r.r.m.) 5 minutes

| Urzer layer (solvent laycr) 2 nl|
N/1C-HC1 2 ml

Shake for 15 minutes
Centrifugation (1500 r.p.m.) 5 minutes

{Trper “ayer (HCl layer) 0.2 |

5%=NaCN 05 ml

66%-urea 0.5 ml

Tangstate reagent Ced ml

- Vater 0.8 nl

Flace for cne hour at room temperature
L

Optical density of the Sample at 660 mw was read
against the Blank.

15
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RESULTS . ‘ -
1. Calibration Curve
Optical density (-log T)
0007 -

0.06 +

0.03 s

0.02

0.0L Determination method: Tangstate method
o 1.0 2.0 3.0 4.0

INH Concentration (meg/ml)
Fig. 2 Calibration Curve of TFH in Aqueous Solution

~ Optical density (-log T)
0.06 1}

. 0.05 T

0.04 ¢t
.03 ¢

0.02 1

0.c1 ¢ Determination method: Tangstate method

L\

0 10 2.0 3.0 4.0

INH Concentration (mcg/ml)
Fig. 3 Calibration Curve of INH in Serum

16

|
i
?




b e v [ SR TR N B o b - .
. S I e e e L e, AL DIARE VADY M IANE W o PRI

*

ot

Ortical density (-log T)

C.20
0.104
- 0.057 »
Determination method: Tangstate method
. [ ]
0 1.0 2.0 3.0 4.C INH concentration

' (meg/rl)
Fig. 4 Calibration Curve of INH in Urine

17




2. Recovery

Table 1 Recovery Testscf INH in Aqueous Solution

3mog/ml 1 mog/ml

Dupli. No. 1 0.045 0.014
2 0.050 0.010

3 0.048 0,019

4 0,046 0.014

5 0.054 0.016

Mean  0.049 $0.0032 0.0146 20.0029
Recovered 3.0 meg/ml 0.9 meg/ml

st. D.  10.2 10.18

0e5 mcg/ml

0.010
0,008
0.005
0.008
0.009

C.0C8 #0.00.7
0.5 meg/ml

.

Table 2 Recovery Tests of INH in Aqecus Solution, Serum and Urine

INH Concentration 3 meg/ml

in ag. solution in serum
Durli.NOn 1l 00052 . 0.0”
2 C.049 0.03C
3 0.051 0.030
Mean 0.0507 0.030
Recovered 3.08 meg/ml 3.00. meg/ml

Table 3 Durlication Tost

in urine
N.065
0.066
0.062
0.0643

Durli. ¥o. 1 0.011 loterial: 1 meg/ml in sorum
2 0,009
4L 0,011 Mean 0.010 $0.001
5 o.010 : .
6 0.010 - Recovered 1 neg/ml
7 0.C09 St.D. « 0.l
8 0.010

;
*
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3 . Comparison betweer Bioassay und Cherical Assay

Table 4 Ccmparisca of Chemical Assgy and Biological sAssay of INH
in Agqueous Solution

INH concent. | Cherical assay Biological assay
: in ag. sol. reg/ml N,
3gml 2.75 3.20
@ " 3,06 2.58
" 3.0 2.58
" 2.81 3.20
i " .30 2.41
Mean , St. d. 2.98 40,20 : 2.79 0.34
3o/l 0.87 1.09
B e " 0.63 1.09
n : 1.17 : 1009
" - 0.87 1.2
" .98 0.94
Hean , St. d. 7 C.90 #0.18 1.11 40.12
0. Smrg/rd C.632 C.62
i , 0.50 _ C.4°
" ) 0032 OUA?
" . 0063 C'M
n 0156 OQM
Mesn, St. d. 0,53 26,00 C.™ 40,07
19




Table 5 Corpariscn of Chemicel issay and Biolcgical Assay of IFE in Serum

‘ INH goncent,
in serun

3rg/r)

i
)

n
%

oo
DR N

»

Chericel assay

Biclogic#l assay

(a) (b) (a)
2.%mcgrl  3.Cnegml 2.58=cgml
1.5 2,1 1.68
1.0 1.0 C.58
¢.9 0.5 - 0.35
C.l 0.3 0.18

Chemical assay (a) and biocasszy (a) were simultaneously determined.

Teble & INH concentration in serum after adriﬁistration of INH (4 mg/kg

of body weight)

oo

Chemiczl assey

Biclogical assay

3.2 mgml >3, 2mCg/ul
2.C _ 3.2
0.9 2441
0.8 ‘ 1.04
0.7 0.65
0.5 0e42
20
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4, “sraination of INH Derivatives

voncentration {meg/mi) 26 71 1C7 143 178 234 50 286
Extinction © 0.1 (.2 C.3C.k G5 C.6 Q.7 CB

Kind of sample

Isoniazid 1 mM ag. eolution |
(M w 137)

o)

Acetyl IMH 1 mM aq. solution

Acetyl INH 1 mM ‘
B/1C HC1 solution boiled for 30—

Iscotin nM B e . .
o RIS
Neoiscotin. 1 mM SEERST 4

Vivoniplene 1 mM ‘ 1

- Kydronsan 1 mM

. Mcotinamide 1 mM 0 [ [

Isonicotinic acid 1 mM 0 Tangstate methed

_ —===
Nicotinic acid 1 mM 0 LS“*; ]

Narhthoquinon method

¥ig. 5 Determination of Free INH in Aqueous Soluticn of INH and Related
Substances by Means of OQur Method

e
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Kind of Solubility Addition

material in water of FaCk S__ x ‘19°$
Isoniazid + - TS oo e ey e
R TeXITLTTESTRIRNIS )
d-G ucose-isonicoti- + - .
nuyl hydrazone
«-Xetoglutaric acid |
isonicctinoy: + s
hydrazone - p N ==
~ {pH 5.2)

Pyruvic acid + -
isonicotinoyl T

¥ (fH G.6) =<7
hydrazon o |
Isonicotinoyl i o
acetate ' -

] ' i Tangstate method

Narhthoquinor method

Fig. 6 Recoverg of Free INH in Aqueous Soluticn of Different Kinds
of INH Derivatives '
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